Heat transfer and flow due to natural convection in air around heated equilateral triangular cylinders of different sizes inside a square enclosure has been analyzed. The triangular cylinder is at higher temperature and the vertical walls of the enclosure are at lower temperature with insulated horizontal walls. The computational model is developed using Ansys Fluent 13 commercial CFD package. The Rayleigh number is varied from 10 4 to 10 6
Introduction
Natural convection in enclosures has been studied extensively over the past years. The computational work of De Vahl Davis [1] was the first to obtain an accurate solution of the equations describing two-dimensional natural convection in a square cavity with differentially heated side walls with no internal body. Many researchers have also worked with similar enclosures with higher range of Rayleigh numbers, different solution methods. Markatos, and Perikleous [2] have obtained solutions to the buoyancy-driven laminar and turbulent flow and heat transfer in a square cavity with differentially heated side walls with Rayleigh numbers ranging from 10 3 to 10 16 . Four problems of fluid flow and heat transfer were designed by Demirdzic et al. [3] , in which non-orthogonal, boundary-fitted grids were used. The problem of laminar natural convection heat transfer in enclosures with bodies inside it occurs in many industrial applications like design of solar collectors and thermal storage systems, thermal management of consumer electronics etc. Roychowdhury et al. [4] have investigated the two dimensional natural convective flow and heat transfer around a heated cylinder kept in a square enclosure. Dalal et al. [5] studied numerically the natural convection around tilted square cylinders in the range of (0 ≤ ≤ 45 ) inside an enclosure having horizontal adiabatic wall and cold vertical wall. De and Dalal [6] investigated the natural convection around a tilted heated square cylinder kept in an enclosure in the range of 10 3 ≤Ra≤10
6
. Oosthuizen [7] has studied numerically the natural convective air flow in an enclosure with a horizontal lower wall, vertical side-walls and a straight inclined top wall. Sun et al. [8] have investigated laminar natural convection heat transfer from a horizontal triangular cylinder to its concentric cylindrical enclosure. Fan et al. [9] studied the effect of Prandtl number on the heat transfer in a horizontal cylindrical enclosure with a coaxial triangular cylinder inside it. Hussain and Hussein [10] investigated numerically the natural convection in a uniformly heated circular cylinder at different locations inside a square enclosure. In the present work, the effect of size of an equilateral triangular enclosure in a square enclosure on the flow and heat transfer at Rayleigh numbers 10 4 to 10 6 are studied.
Analysis
Consider a square cavity of sides L. A hot equilateral triangular cylinder of sides 'a' maintained at a temperature of T H is at the centre of the enclosure and the enclosure is filled with air. The bottom and top walls of the enclosure are insulated whereas the vertical walls are isothermal at temperature T C .
The computational domain with coordinate system is depicted in Fig. 1 . Two-dimensional laminar flow, with constant fluid properties and negligible viscous dissipation, is considered. No slip condition is assumed at all the walls and Boussinesq approximation is employed for gravity terms in the momentum conservation equation. The governing equations are
For constant air properties, in the absence of internal heat generation and insignificant viscous dissipation, the energy conservation equation can be represented as,
The boundary conditions are u = 0 and v=0 at all walls 
Results

Influence of enclosure size:
Flow and temperature distribution
Due to symmetric nature of the domain and boundary conditions about the mid vertical plane, the flow and temperature distribution are also symmetric about that plane. The air move upwards near the inclined walls of the cylinder as these are at higher temperature and move downwards near the vertical walls of the enclosure as these are at low temperatures. So, there are two loops formed at left and right side with air moving anticlockwise direction at left side and in clockwise direction at right side. With fixed temperatures of cylinder and vertical walls of enclosure, the Rayleigh number increases with increase in enclosure size. The increased size of enclosure enhances buoyancy effects. So at high Ra, for a given size of cylinder, the fluid motion and circulation rate in the two loops increase that is seen from Figs. 2(a), 3(a) and 4(a) . This is also reflected in the vertical component velocity plot for different Ra (Fig. 5a ). Due to constriction at the cylinder base for lower Ra, the loop is split towards the core.
The curvature of isotherms is increased with Rayleigh number as the circulation rate of fluid increases. The isotherms are uniformly spaced at lower Ra, but at high Ra they are closely spaced near the cylinder walls and top portion of the vertical enclosure walls. Owing to the intense circulation of the fluidat higher Ra,the isotherms are more curved (Figs. 2b, 3b and 4b ) and temperature gradients are higher ( At the upper portions of the vertical enclosure walls, the temperature gradient is more as observed from the isotherms (closely spaced) whereas at the lower portions of these walls, the temperature gradient is less (isotherms widely spaced) (Figs. 2b, 3b and 4b ). This is because of the fact that the fluid after carrying the heat from the cylinder walls first interacts with the cold enclosure walls at the upper portion. Due to higher temperature difference at these locations, the heat transfer rate is more there. As the heat is transferred, the temperature of the fluid decreases and the temperature difference between the fluid and vertical enclosure walls decreases towards the bottom portion of these walls. This results in less heat transfer at these portions. The variation of Nusselt number along the active enclosure walls (Fig.6a ) also corroborates this. For cylinder inclined wall, cold fluid coming from the enclosure wall first interacts near the base and then goes upwards. So the heat transfer is more near the base and less upward (Fig. 6b) .
Influence of cylinder size:
(a) (b) For a fixed Ra, lower AR corresponds to more space between the enclosure and cylinder. So the fluid moves freely between the enclosure and the cylinder. As AR increases, the spacebetween the enclosure and cylinder at its base is reduced. Due to the constricted passage, the fluid motion slows down. At the highest AR (=0.5) taken, the loop is split towards the core (Figs. 7a, 8a, 9a, 10a ). This is also evident from the base plane velocity (Fig. 11a) . As the circulation rate is more for lower AR, the temperature gradient near the enclosure wall and base of cylinder is higher compared to that for higher AR (Figs. 7b, 8b, 9b, 10b) . The temperature variation at base plane corroborates this (Fig. 11b). 
Flow and temperature distribution
Heat transfer characteristics
For fixed enclosure size, lower AR reveals smaller size of the cylinder. So, the amount of heat from the cylinder to the enclosure is less. This gives rise to lower Nu along the enclosure wall for lower AR (Fig. 12a) . For the inclined wall of the cylinder, the Nusselt number is almost same for different AR (Fig. 12b) .
Conclusions
The fluid motion and circulation rate increase with increase in enclosure size. The fluid motion is almost uniform for lower Ra (smaller enclosure size) and the fluid motion is prominent near the walls and the fluid is almost stagnant in the core region for higher Ra (larger enclosure size). The temperature gradient is almost uniform between the enclosure and cylinder for lower Ra whereas the gradient is higher near the walls and less in the core region for higher Ra. The heat transfer rate is comparatively higher at the upper portions of the vertical enclosure walls and from the base of the triangular cylinder. For smaller enclosures, the circulation rate decreases with increase in cylinder size, but for larger enclosure, the circulation rate increases with cylinder size.
